
rsc.li/chemical-science

  Chemical
  Science

rsc.li/chemical-science

ISSN 2041-6539

EDGE ARTICLE
Xinjing Tang et al. 
Caged circular siRNAs for photomodulation of gene 
expression in cells and mice

Volume 9
Number 1
7 January 2018
Pages 1-268  Chemical

  Science

This is an Accepted Manuscript, which has been through the  
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after acceptance, 
before technical editing, formatting and proof reading. Using this free 
service, authors can make their results available to the community, in 
citable form, before we publish the edited article. We will replace this 
Accepted Manuscript with the edited and formatted Advance Article as 
soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes to the 
text and/or graphics, which may alter content. The journal’s standard 
Terms & Conditions and the Ethical guidelines still apply. In no event 
shall the Royal Society of Chemistry be held responsible for any errors 
or omissions in this Accepted Manuscript or any consequences arising 
from the use of any information it contains. 

Accepted Manuscript

View Article Online
View Journal

This article can be cited before page numbers have been issued, to do this please use:  R. Wu, L. Chen, Y.

Chen, Q. Wu, Q. Chen, A. Lin, H. Yao, Q. Li and S. Gao, Chem. Sci., 2026, DOI: 10.1039/D5SC09566B.

http://rsc.li/chemical-science
http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
https://doi.org/10.1039/d5sc09566b
https://pubs.rsc.org/en/journals/journal/SC
http://crossmark.crossref.org/dialog/?doi=10.1039/D5SC09566B&domain=pdf&date_stamp=2026-04-24


ARTICLE

Please do not adjust margins

Please do not adjust margins

Received 00th January 20xx,
Accepted 00th January 20xx

DOI: 10.1039/x0xx00000x

Copper-Catalyzed Enantioselective Interrupted Azide-Alkyne 
Cycloaddition to Access Axially Chiral Diaryl Ethers 
Ruixue Wu, Lan Chen, Yihan Chen, Qimin Wu, Qirui Chen, Aijun Lin, Hequan Yao,* Qiuyu Li,* and 
Shang Gao*

While transition metal-catalyzed enantioselective azide-alkyne cycloadditions are well-established for accessing 1,4-
disubstituted triazoles, the direct enantioselective synthesis of chiral 1,4,5-trisubstituted triazoles from terminal alkynes via 
an interrupted process remains largely underdeveloped. Herein, we report a copper-catalyzed enantioselective interrupted 
azide-alkyne cycloadditions. This method enables the facile construction of enantioenriched axially chiral diaryl ethers 
bearing a 1,4,5-trisubstituted triazole moiety directly from terminal alkynes. Mechanistic studies reveal the absence of 
further kinetic resolution process of the product, underscoring the crucial role of our newly developed chiral ligand L5 in 
achieving excellent enantiocontrol and yield. The combination of Et3N and LiOtBu is essential to the inhibition of protonated 
byproduct. The orthogonal reactivity of the residual terminal alkyne and amine groups within the products provides versatile 
platforms for downstream chemistry, enriching the structural diversity of axially chiral diaryl ethers.

Introduction
Over the past few decades, transition metal-catalyzed 

cycloaddition reactions between alkynes and azides have advanced 
significantly for the synthesis of functionalized triazoles, following 
the pioneering independent reports by the Meldal and Sharpless 
groups.1 Among these, copper-catalyzed azide-alkyne cycloadditions 
(Cu-AAC) have been extensively employed to construct diverse chiral 
molecules bearing 1,4-disubstituted triazole moieties, including 
those featuring central, axial, planar, and inherent chirality (Scheme 
1a).2 Nevertheless, mechanistic constraints inherently limit this 
reaction to producing only the 1,4-disubstituted triazoles. Recently, 
significant progress has been made by the Zhou, Topczewski, Xu, Li, 
and Cui groups3 towards the asymmetric synthesis of 1,4,5-
trisubstituted triazoles containing central and axial chirality (Scheme 
1b), utilizing transition-metal catalyzed azide-alkyne cycloadditions 
(TM-AAC). However, these approaches typically require the use of 
electronically activated internal alkynes, harmpering their 
application to some extent. On the other hand, copper-catalyzed 
interrupted click reaction offers a versatile strategy for constructing 
1,4,5-trisubstituted triazoles directly from terminal alkynes (Scheme 
1c).4 In this process, interception of the cuprate–triazole in-
termediate (INT-A) by an electrophile enables the introduction of a 
substituent at the C5-position. Despite this versatility, current 
interrupted click methodologies majorly yield achiral products. Very 

recently, Gu and coworkers developed the first asymmetric 
interrupted CuAAC reaction with terminal alkynes, cyclic 
diaryliodonium reagents and azides, providing an efficient method to 
construct atropisomeric biaryl triazoles.4k Given the central role of 
tri-substituted triazoles as structural scaffolds in bioactive molecules, 
catalysts, and ligands (Scheme 1d),5 further development of the 
enantioselective interrupted click reaction constitutes a critical 
research priority.

Diaryl ether skeletons constitute important structural motifs 
prevalent in diverse natural products, ligands, and bioactive 
molecules.6 Compared to the well-established synthesis of C–C 
axially chiral compounds, the development of methods for 
constructing C–O axial chirality remains challenging.7 This lag stems 
from inherently lower rotational barriers and the unique dual-axial 
chirality phenomenon. Recent years have witnessed rapid progress 
in the atroposelective synthesis of axially chiral diaryl ethers,8 
primarily achieved through organocatalyzed9 and transition-metal-
catalyzed10 enantioselective desymmetric functionalization of 
prochiral substrates. Leveraging sequential enantioselective 
desymmetrization and kinetic resolution processes has enabled the 
construction of target axially chiral diaryl ethers with excellent 
enantioselectivities. However, the inevitable formation of double-
functionalization byproducts from the prochiral substrates often 
compromises reaction yield.11 Inspired by these elegant works, we 

Scheme 1. Transition-metal catalyzed enantioselective (interrupted) azide-alkyne reactions to access axial chirality. 
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a) Cu-AAC to access diverse chiral molecules bearing 1,4-disubstituted triazoles
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e) This work: Cu-catalyzed atroposelective interrupted alkyne-azide cycloaddition
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envisioned that the INT-B might be captured by an electrophile, for 
example hydroxylamine ester (Scheme 1e).12 However, to realize this 
reaction, several challenges must be addressed: 1) How to compress 
the formation of byproduct I via protonation of intermediate INT-B 
(Scheme 1f). 2) The alkyne motif of the product could engage into 
further reactions with azides and hydroxylamine esters to generate 
overreacted byproducts II-V. Based on our continous interests in the 
transition-metal catalyzed enantioselective desymmetrization and 
synthesis of axial chirality,13 we reported herein an unprecedent 
copper-catalyzed enantioselective interrupted click reaction. Both 
protonated and overreacted byproducts I-V were inhibited 
efficiently via the evolution of indane-fused BOX ligand. The axially 
diaryl ethers containing 1,4,5-trisubstituted triazole motifs were 
constructed in good yields with excellent enantiopurities. The 
orthogonal chemical activities of alkynyl and amino motifs provided 
platforms for further elaboration of products, enabling the 
enrichment of the structural diversity of products.

Results and discussion

We commenced our studies using alkyne 1a, azide 2a and 
hydroxylamine ester 3a as the substrates, CuI as the catalyst and Et3N 
as the additive. Initial screening of chiral ligand showed that the 
indane-fused BOX ligand L1 showed best performance in the control 
of enantioselectivity (See supporting information for details). The 
target product 4aa was obtained in 27% yield with 91% ee, 

accompanied with the formation of protonation byproduct 5aa in 63% 
yield with 96% ee. To explore the potential influence of the 
hydroxylamine ester's acyl group on the yield and enantioselectivity
Scheme 2. Initial attempt

PhCl, 20 C, 12 h
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Table 1. Optimization of reaction conditions.a-c

solvent, rt, 12 h

R = NBn2, 4aa; R = H, 5aa1a

CuI, L, baseO

tBu

Me
PMPCOONBn2

O

tBu

Me
N

NN
BnN3 (2a)

Bn

R

+

7a

N

O O

N

R R

L1, R = iPr
L2, R = Ph
L3, R = cyclohexyl
L4, R = cycloheptyl
L5, R = cyclooctyl

(newly developed ligand)
5 5'4aa

(CCDC 2405048)

Entry Ligand Solvent Base Yield (%) (4aa/5aa) Ee (%) (4aa)

1 L1 THF Et3N 15/10 86

2 L1 PhMe Et3N 22/39 91

3 L1 PhOMe Et3N 14/83 87

4 L1 acetone Et3N 42/38 87

5d L1 acetone Et3N 46/50 86

6 L1 acetone DIPEA 8/- 86

7 L1 acetone LiOtBu 47/- 23

8d,e L1 acetone Et3N/LiOtBu 87/- 88

9d,e L2 acetone Et3N/LiOtBu 48/- 87

10d,e L3 acetone Et3N/LiOtBu 87/- 92

11d,e L4 acetone Et3N/LiOtBu 80/- 93

12d,e L5 acetone Et3N/LiOtBu 91(83)f/- 93
aReaction conditions: 1a (0.2 mmol, 1.0 equiv), 2a (0.3 mmol, 1.5 equiv), CuI (10 mol %), L (15 mol %), 4 Å MS (100.0 mg) and base (0.4 mmol, 
2.0 equiv) in solvent (1.0 mL) at 20 ℃ under Ar atmosphere for 12 h. bThe yields were determined by 1H NMR with 1,3,5-trimethoxybenzene 
as the internal standard. cEe values were determined by chiral HPLC analysis on a chiral-stationary-phase. dEt3N (2.0 mmol, 10.0 equiv) was 
used. eLiOtBu (0.1 mmol, 0.5 equiv) was used. fIsolated yield was listed.

of 4aa, various esters (6a–9a) were evaluated. While 6a, bearing a 
para-electron-withdrawing group, afforded 4aa in 25% yield with 90% 
ee, 7a (containing a para-electron- donating group) increased the 
yield to 38% with a marginal improvement in enantioselectivity. 
However, further increasing the electron density of the acyl group 
(8a and 9a) did not enhance the results. The consistently low yield of 
4aa is primarily attributed to the predominant formation of the 
protonation byproduct 5aa. The higher enantiopurity observed for 
5aa compared to 4aa suggested the possible involvement of an 
inefficient kinetic resolution process in the formation of 4aa, and 
subsequent mechanistic studies confirmed that no kinetic resolution 
occurs.

To suppress the formation of the protonated byproduct 5aa, 
other reaction parameters were further evaluated. Solvents 
including THF, toluene, and anisole predominantly yielded 5aa (Table 
1, entries 1–3). In contrast, acetone delivered 4aa and 5aa with 
comparable yields (entry 4). Increasing the loading of Et3N to 10 
equivalents marginally improved the yield of 4aa (entry 5). Further 
base screening revealed that DIPEA or LiOtBu suppressed 5aa 
formation but significantly reduced either the yield or 
enantioselectivity of 4aa (entries 6 and 7). Crucially, employing a 
combination of Et3N (10 equiv) and LiOtBu (0.5 equiv) afforded 4aa 
in 87% yield with 88% ee, while only trace amounts of 5aa was 

generated (entry 8). Goldup and co-workers reported that the 
protonation rate of the Cu(I) triazolide intermediate INT-A 
shown in Scheme 1c is highly dependent on the acidity of the 
proton source.14 On this basis, we reasoned that combining 
tBuOLi with Et3N could prevent the formation of acidic proton 
shuttles such as [Et3NH]+ species, thereby suppressing the 
protonation of INT-A and minimizing the formation of 
byproduct 5aa. Encouraged by this result, additional chiral indane-
fused BOX ligands bearing various substituents at the C5- and C5′-
positions were evaluated (entries 9–12). Generally, 
enantioselectivity increased with greater steric bulk chiral ligand. 
Among these, L5 bearing cyclooctyl groups delivered optimal 
performance, providing 4aa in 83% isolated yield with 93% ee, and 
no protonated byproduct 5aa was detected. The absolute 
configuration of 4aa was unambiguously determined by X-ray crystal 
analysis.

With the optimized conditions in hand, we next explored the 
substrate scope of prochiral diaryl ether backbones and azides, and 
the reuslts were summarized as Table 2A and 2B. Diaryl ether 
backbones containing a substituent at the C4- or C4’-position such as 
halogen, alkyl and aryl group proceeded smoothly, giving 4ba–4ja in 
74–90% yields with 86–94% ee. Switching the methyl group of 1a to 
ethyl, cyclopropyl group has no effect on the reaction efficiency, 
delivering 4ka in 86% yield with 92% ee and 4la in 85% yield with 
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Table 2. Substrate scope of bisalkynes, azides and hydroxylamine esters.a-c

2

+
Et3N, LiOtBu

acetone, 4 Å MS
20 °C, 12 h

41

CuI, L5
R3 N3

A. Scope of diaryl ether backbones

B. Scope of azides

+
O

N
R4

R5

O

MeO

7

O

R1

R2
O

R1

R2

N
NN

R3

NBn2

O

tBu

Me
N

NN
Bn

NBn2

O

tBu

Me
N

NN
Bn

NBn2

Br

O

tBu

Me
N

NN
Bn

NBn2

Ph

4ia, 79%, 92% ee 4ja, 74%, 93% ee

O

tBu

R2

N
NN

Bn

NBn2

R2 = Et, 4ka, 86%, 92% ee
R2 = cyclopropyl, 4la

85%, 96% ee

O

Ad

Me
N

NN
Bn

NBn2

4ma, 77%, 80% ee

O

R1

Me
N

NN
Bn

NBn2

R1 = Et, 4na, 43%, racemic
R1 = Ph, 4oa, 73%, racemic

O

tBu

Me
N

NN

NBn2

O

tBu

Me
N

NN
R3

NBn2

4

4'

2

O

tBu

Me
N

NN
Bn

NEt2

10h, 60%, 95% ee

O

tBu

Me
N

NN
Bn

N(allyl)2

10g, 82%, 90% ee 10j, 83%, 90% ee

O

tBu

Me
N

NN
Bn

10i, 77%, 86% ee[d]

O

tBu

Me
N

NN
Bn

N

10f, 79%, 96% ee

Bn

Ar

Ar

Ar

Ar

N

O

O

tBu

Me
N

NN
Bn

N

C. Scope of hydroxylamine esters

O

tBu

R2

N
NN

Bn

NR4R5

Ar

Ar

10

or

with 2a and 7a used

with 1a and 7a used

with 1a and 2a used

Me

O

tBu

Me
N

NN Bn

N
Bn

S

10e, 78%, 94% ee10b, 76%, 96% ee

R R =
H, 4aa, 83%, 93% ee
Cl, 4ba, 81%, 93% ee
Br, 4ca, 83%, 94% ee
I, 4da, 86%, 94% ee
t-Bu, 4ea, 90%, 94% ee
Ph, 4fa, 86%, 94% ee
thiophen-3-yl, 4ga, 75%, 86% ee
pyridin-3-yl, 4ha, 90%, 90% ee

R'

p-MeOC6H4-, 4ab, 78%, 94% ee
p-tBuC6H4-, 4ac, 77%, 92% ee
p-MeC6H4-, 4ad, 87%, 94% ee
p-MeOOCC6H4-, 4ae, 73%, 93% ee
m-MeC6H4-, 4af, 92%, 94% ee
o-MeC6H4-, 4ag, 83%, 94% ee
naphthalen-1-yl, 4ah, 85%, 95% ee

R' =

PhCH2CH2-, 4ai, 52%, 94% ee
cyclohexyl-, 4aj, 67%, 94% ee
Ph-, 4ak, 62%, 80% ee
p-MeOC6H4-, 4al, 80%, 81% ee
p-MeOOCC6H4-, 4am, 60%, 82% ee

R3 =

10k, not detected

O

tBu

Me
N

NN
Bn

N
Ph

Bn

D. Intramolecular capture of Cu(I) triazolide intermediate to construct 12-membered-sized ring

standard conditions

7l

OBn
N

N3O

PMP

O

4
10 °C, 48 h

1a

O

tBu

Me
+

O

tBu

Me
N

NN
Bn

N
Bn

Br
O

tBu

Me
N

NN
Bn

N
Bn

CF3

O

tBu

Me
N

NN
Bn

N
Bn

OMe

10c, 54%, 96% ee 10d, 65%, 92% ee

O

tBu

Me
N

NN

N
Bn O

10l, 45%, 92% ee

12

O

tBu

Me
N

NN

O[Cu]

N
O

BnO

PMP

aReaction conditions: 1 (0.2 mmol, 1.0 equiv), 2 (0.3 mmol, 1.5 equiv), 7 (0.4 mmol, 2.0 equiv), Et3N (2.0 mmol, 10.0 equiv), LiOtBu (0.1 
mmol, 0.5 equiv), CuI (10 mol %), L5 (15 mol %) and 4 Å MS (100.0 mg) in acetone at 20 °C under Ar atmosphere for 10 h. bIsolated yields 
were listed. cEe values were determined by chiral HPLC analysis on a chiral-stationary-phase. dL1 (15 mol%) was used.

96% ee. When the tert-butyl group was switched to a 1-
adamantanyl group, 4ma was isolated in 77% yield with moderate 
enantioselectivity. Upon introducing an ethyl or phenyl group at 
the C2-position, 'Batman'-type chromatograms15 were observed 
for products 4na and 4oa during HPLC analysis (see supporting 
information for details), indicating interconversion of enantiomers 

on the chromatographic timescale. Furthermore, benzyl azides 
containing an electron-donating group or electron-donating group 
at the para-, meta- and ortho-position of the phenyl ring as well as 
1-(azidomethyl) naphthalene were suitable substrates, furnishing 
4ab–4ah in 73–87% yields with 92–94% ee. In addition, alkyl 
azides were well compatible, affording 4ai in 52% yield and 
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Scheme 3. Further Studies.
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Scheme 4. Gram scale synthesis and chemoselective transformations of products.
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4aj in 67% yield with 94% ee. With aryl azides used, the 
enantioselecitvities decreased slightly, and products 4ak–4am were 
obtained in 60–80% yields with 80–82% ee. The substrate scope of 
hydroxylamine esters was further investigated (Table 2C). 
Hydroxylamine esters containing various substituted benzyl, chain 
alkyl, allyl as well as cyclic alkyl groups were well-compatible with our 
catalytic system, furnishing the products  10b–10j in 54–82% yields 
with 86–96% ee. However, aromatic hydroxylamine ester is 
incompatible with the current reaction system, and no product 10k 
was detected. By tethering the azide and hydroxylamine ester motif 
within a single molecule, this interrupted click reaction could still 
proceed smoothly, affording the corresponding 12-membered ring 
product 10l in 45%  yield with 92% ee (Table 2D). However, further 
attempts to synthesize the six-membered ring failed under this 
catalytic system.

Control experiments were then conducted to elucidate the 
enantioselectivity control and mechanism of this copper-catalyzed 
enantioselective interrupted reaction. As shown in Scheme 3.1, no 
over-reacted byproducts 10aa and 10aa' were observed under 
standard conditions. When product 4aa was subjected to the 
reaction system, neither 10aa nor 10aa' was detected. Plotting of the 
yield and enantioselectivity of product 4aa against the reaction time 
revealed that the reaction rate decreasedsignificantly after 2 hours. 
The enantioselectivity of compound 4aa was maintained at 94% and 
did not improve even after extending the reaction time to 24 hours 

(Scheme 3.2). Collectively, these results indicate the absence of 
further kinetic resolution of 4aa. Thus, enantioselectivity is 
exclusively controlled by the desymmetrization process. Reactions 
carried out using different enantiopurity of ligand L5 with 2 hours 
show a negative non-linear effect (NLE),16 hinting that heterochiral 
dimeric species is more reactive than the corresponding homodimer 
(Scheme 3.3). Moreover, no 4aa could be detected without addition 
of BnN3 (2a) under standard condition, indicating 5aa was not the 
intermediate of this interrupted reaction (Scheme 3.4a). In addition, 
dialkyne 1a did not participate into reaction with 7a in the absence 
of 2a, and no ynamine 11 was generated (Scheme 3.4b). Therefore, 
the possibility of ynamine as an intermediate for this reaction could 
be ruled out, and the amino motif of the product 4aa shoud be 
introduced via Cu(I) triazolide intermediate (INT-III shown in Scheme 
3.5). Based on previous reports1, 17 and our control experiments, 
a plausible mechanism was proposed and depicted in Scheme 
3.5. In the presence of the LiOtBu and Et3N, the terminal alkyne 
groups of 1a react with Cu(L*) to form acetylide intermediate 
INT-I. Intramolecular migratory insertion of INT-I first forms the 
six-membered copper metallacycle INT-II, which then 
undergoes ring contraction to afford the Cu(I) triazolide 
intermediate INT-III. At this stage, two competitive pathways 
may occur. In pathway a, trapping of Int-III with hydroxylamine 
ester 7a directly yields the aminated product 4aa. When a bulky 
chiral ligand such as L5 is employed, no over-reacted 
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byproducts are formed. Alternatively, pathway b involving 
protonation could take place in the presence of a proton source. 
Given that tBuOH and PMPCO2H are the major proton sources 
present, the protonation of INT-III is expected to be sufficiently 
slow to shut down pathway b. In addition, the origin of the 
enantioselectivity observed in this interrupted azide-alkyne 
cycloaddition in the presence of L5 was rationalized by 
considering two competing transition-states, TS-A and TS-B. For 
TS-B, severe repulsion arises between the cyclooctyl group of 
chiral ligand L5 and tert-butyl group of substrate 1a (Scheme 
3.6).

Subsequently, the configurational stability of 4 was studied via 
DFT calculations (Scheme 3.7). As expected, the rotational barrier of 
the C(1)–O bond generally increased with greater steric hindrance 
from the ortho-substituent. Computational studies provided 
rotational barriers of 23.8 kcal/mol for 4oa, 24.6 kcal/mol for 4na, 
and a significantly higher barrier of 30.0 kcal/mol for 4aa. The 
relatively low barriers for 4oa and 4na rationalize their facile 
racemization. This interpretation is corroborated by thermal 
racemization studies of enantiopure 4aa, which exhibited a half-life 
of 32.1 hours at 100 °C in toluene. The experimentally determined 
rotational barrier of 4aa via thermal experiment was 31.4 kcal/mol, 
which was in agreement with the computed value of 30.0 kcal/mol.

The practical utility of our reaction was further explored 
via scale-up reactions and derivatization studies of the alkyne 
and amino motifs of the products (Scheme 4). When the 
reactions were run in 4 mmol-scale, the catalyst loading could 
be further reduced to 2.5 mol% without any loss of efficiency. 
The products 4aa and 10g were isolated in 82% yield (2.02 g) 
and 72% yield (1.49 g) respectively with comparable 
enantioselectivity. The alkyne group was chemoselectively 
reduced to ethyl group with Pd/C under hydrogen balloon 
condition without affecting the benzyl group, yielding product 
12 in 82% yield and 90% ee (Scheme 4a). In addition, transition-
metal catalyzed cross-coupling such as Larock indole synthesis, 
Sonogashira coupling and alkyne-azide cycloaddition 
proceeded smoothly, delivering compounds 13–15 in 81–99% 
yields with 90–91% ee (Scheme 4b–d). Palladium-catalyzed 
deallylation of 10g proceeded smoothly, giving free amine 16 in 
75% yield with 90% ee (Scheme 4e). The amino group could 
further undergo azidation in the presence of tBuONO and 
TMSN3, delivering product 17 in 82% yield with 90% ee (Scheme 
4f). Treatment of 16 with isothiocyanate 18, thiourea 19 was 
isolated in 65% yield with 92% ee (Scheme 4g). In addition, the 
primary amino motif of 16 could react with barbituric acid and 
tBuONO in an acetonitrile solvent to generate hydrazone 20 in 
79% yield with 90% ee (Scheme 4h).

Conclusions
In summary, we have developed a copper–catalyzed 

enantioselective desymmetric interrupted alkyne–azide 
cycloaddition with dialkynes, azides and hydroxylamine esters. 
This method provides direct access to a series of axially chiral 
diaryl ethers bearing 1,4,5-trisubstituted triazole motifs in good 
yields with high modularity. Employing a newly designed 

indane-fused BOX ligand L5, C−O axially chiral scaffolds are 
constructed in excellent enantioselectivity. Notably, the over-
reacted reactions are effectively blocked using a LiOtBu and 
Et3N dual-base system. Control experiments demonstrate the 
absence of kinetic resolution processes enhancing product 
enantiopurity. The orthogonal reactivity of the residual alkyne 
and amino groups in products offers a versatile synthetic handle 
for downstream diversification.
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